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L’AGARD  {* Advtooty  Group  fof  Aerospace  Research  and  Development’  -  map*  omrntmH  pm  li  lectetcte  ct  let 
rtfdumkxm  aerosputiales)  a  meat  &  Hen  im  pregnane  poosdoaa*  tfmxrams  do  psffctaraaces  ea  fesgue  a  da 
rarartfriitiqnri  de  snHititf  rtr  trnar  if—  rttnsin  manhn  ifc  llaiaoaa  pa  tendon afeaadqas 

Le  present  cxpoaedfaitle  programme  qui  Unite  da  jonctionanirfcanlqiii  prteentira 

(1)  une  muiifestxtioa  fsibie  ou  mille  de  flexion  secondni  re, 

(2)  une  flexion  secoretaire  importsnte. 

Dent  la  premiere  paitie,  on  ftiminf  trots  types  de  Unison  qui  dvUent  un  niveau  de  transfett  de  charge  pa  la  fixation 
respecthrement  mil,  Mde  ct  flevt  On  a  dearth  la  sahtfandlaie  Wan  sans  aucua  transfer!  de  charge  a  MW  qu'un  tnmfcrt 
de  charge  WHe  ou  Hen  constituait  un  bai  Equivalent  pour  rdvaluaion  da  sysltaa  de  fixation.  Dana  la  deaxttac  panie, 
unite  trots  types  de  liaison  k  cnaiUement  vmpJe.  On  la  coapase  entre  eux  cn  Etudiant  le  transfett  de  charge  a 
cancferistiques  en  flexion  ainsi  que  la  ffefctnce  k  la  fatigue  dtae  sfeie  de  ditpoaMb  de  tendon  paste.  Un  seul  systfene 
modetetptessiondynaniiquecomu  pa  la  Britanniqt»a,asatis<adconaaiablcincutau«  conditions  jmposccstunraawthlsgr 
courant  destine  i  revaluation  da  fixations. 
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«ym*i  laAtiueTMa  iTipdrrwtnnt  mm  Aritplaod  by  AQARDand  two  cawfcirt pregannace  have bocnceawdeAd 
wMr*  tw  adthawadthio  pcrtltatThe’Crirtrety  loaded  Hale  TcdnMia^tl)  proywnac  woo  a  phot  p*mmm  i  which 
eAahAjed  AatniMdOpat  M|»I|  daeocaebeiaaoeoOedAaawtpiealaAne  »m*t>etmm»Mmtoafpml&p^comtnei.k 

on  AeMgaepatforaMaoeofopcohoieaad  low  And  tranafir  joint  ipmiaaim 
Ar"wp>^^th|lu>oi1p(0y,WB^tfaeF«tit^R|^F»»tn»crSynaBi(l^)programB»e<2).lHttiiowbccacoi«pfa«ed. 

ig^il|MrtM>armgB>i  In  many  dtffcran  joint  configurations  to different 

tHianUtdoi  6e  dfttua  unanei  typn,  Comparison  of  dttwat  test  data  was  achieved  using  cote  programmes  of 

WnOWWtULflAi  £m|  gM  A 

1i ftZjMwa?! i <fi‘nuMl|n?llu*« U^Tu^iilTIu H* «atah»**^whh the taefcaf 

cawa^efAej»IWiaardAAelTU*proganH»e.ThhbAegaaltcpo«o(AeAGAIU>woriaigtrotip,thcpertidpant«of 
which  are  given  ie  Table  1. 


1  raOOAMMCOVKKVnCW 

The  amt  hnpnrlaw  requircatcaa  of  my  standard  tpedmea  is  that  it  should  be  representative  of  the  structural  feature 
which  il  is  A  aiandaie.  In  die  ceae  of  joints,  the  mein  peneneaen  which  need  to  be  repreacated  are  the  amount  of  load 
AACieiMdbyaadfeppaaaiaf  dwfaolener,  the  omouet  of  aecandaiy  beading  and  the  way  A  which  Aoe  are  cootrolled.  The 
FFPS  prograaene  coadoded  that  the  primary  parameter  is  ie  fact  secondary  beading.  AecoadAgiy  the  standard  mechanical 
joint  prognannse  is  apA  into  two  parts.  Part  1  considers  joints  with  boot  low  secondary  bcndiiw  sod  is  described  in  section  2.1. 
Part  2  canaden  joint*  with  high  secondary  bending  and  is  described  in  aection  2.2. 

2.1  Near  lew  sacaadasyheadAg pregnane 

Id  riecreft  wing  construction  Aeee  ace  many  areea  which  exhibit  no  or  low  secondary  bending.  Examplea  of  Aia  are  apan- 
wAe  joints,  dthenlda-A-ipor  or  aUn-A-oligener. The  dan-to-stiBcncr  joint  win  contain  very  tow  load  transfer  end  dtouhl  not 
be  a  (adpie-criticai  area.  Tbs  akA-A-apor  joint  wffl  for  Ae  aaoet  peat  be  a  low  load  tnnaier  situation  but  dcpcndiiv  on  local 
dreign  oreyhaveakigli  load  trander  near  the  wing  root  and  become  fatigue  critical. 

Cluwfewnjoiata  are  oo  Ac  odn  hand  predtefanandy  Agfa  load  transfer  rituations.  Where  double  shear  butt  joints  oocur 
(U.  no  secondary  beadng)  fatigue  reabtancc  h  genendy  |ood.  It  b  arguable  therefore  whether  this  type  o<  joint  is  fatigue- 
critkal.  Cbood-wbe  jninta  wiA  single  abeer  fasteners  gcncra»y  eehibtt  significant  amounts  of  secondary  bending  and  ere 
considered  A  Pan  2  of  this  ewrefee  (section  2£). 

It  if  therefore  aeoeaaatyfaAii  pan  of  the  programme  to  consider  a  number  of  joinu  which  exhibit  various  degrees  of  load 
transfer  and  to  paw  the  question: 

Do  el of  Ae  jtdnla  considered,  tele  fatigue  reatatant  fastener  systems  in  the  tame  way? 

There  wwenalliiHugcridBnce  how  Ibe  FHFSprogramawou  this  quealAn.  If  Aia  criterion  is  saddled  for  all  of  Ae  joints 
eonaldaead  then enjy  one  epedwan  type  needs  Abe  dribini  ass  stsndsrd.  If  Ah  criterion  is  not  satisfied,  then  a  winunum 
■umber  of  joints  need  to  be  selected 

hAnyllheiMBay  joint  aped—atthh  no  or  bur  eeeendwybendhi  ew  hnanded  Abe  eatea*aticat|ioaalble.Htia  many 
r  etiainltiwtaHawenartueiendaareraHaelene  taper  row.  OeAe  other  hand  theta  ere  twnyatntple  and  tench  cheaper  jointi 
hdddh  redy  cWAoneonwofanietri,  Thees^eagelrenMnl  for  inandeadwiechnenisAci  It  dtotrid  produce  a  raring  of 
Swenar  tjnaat  tt  tana  oonAdaead  by  Ae  woihAg  ptenp  Attt  Ae  aiApla  jtAna  trere  capable  of  performing  Aia  todL  The 
ooeapiwjoinn  which  aaare  arcaranfy  eapaaawi  the  jaeatajanoaepaadhaiiaud  land  trawler  dlatribudow  between  haianar 
eeanwaancanajdawd  Abe  eeeeoaeeary.ThewoAieiyoepeleoeaawidaied  that  tfeontptotjotnta  were  deAtedaaataatdetd 
daoljaa,aeeatreaierchan  would  net  aaeAaaabaeanee  0(  their  coat  Ilia  woeld  defeat  the  AaAahaeftheewwfae. 

AS  ■hA*eaanda*bMfAgpwpamwe  ■  . 

jhttj#  hjp»  wAtjjAl  rewMreaAureewsd  A  AeapadnawdeajptTjwendn  hwarnto  hew^A^  Aetanaew  oftoed 
tMAriMNd  (Lt)  by  Aa  faetanaa  rod  Ae  NAHM  el  aecondrey  bandA|  (SB)  at  Ae  jtdat  Than  ta  cureandy  very  hale  dew 
eahAMsan  Aawwduae  A  ntd  structure.  HowawerLBF  reported  A 1 974(4)  Aateoeae«a% of  airerAtjaACaaeadted laden 
SBtado  id  0.1 -OAlMhadarMto  hoe  a4-(U  andaAtAw  lS%AAe  rw«eOJ- 1.4.  Theresa  <d  ShteAea  far  wA« 
AA  ehnAniMi  wP-.M.SpeaAwnawiAMItahaaaorai  orleaaere  cenridawd  A  Pen  I  of  AAewreAe(aecdoa2-l). 

latwili hnteit  t)inen dM not  pmdare ejjtSfceaein !>■■  'jLpeAatiel mwi  BwX* AparUof AfaewreAels Aarafoni 


placed  on  joints  with  id  &B  ratio  in  the  range  0.2  *o  0.5.  The  load  transferred  by  the  fastener  has  been  shown  to  be  of  letter 
importance  ten  the  amount  of  secondary  bending  (2).  However  in  a  chord-wise  wing joint  the  load  transferred  by  a  fastener  is 
Hfcelytobeujrifiraat.  LT  value*  in  Ac  nope  20%  —  50%ate  therefore  considered  in  the  exercise. 

The  tT  and  SB  values  ifiacttmwl  in  the  above  paragraph  are  not  absolute  vahiea  but  depend  on  loading  conditions. 
ShnfealyiaalOhoraiory  joint  flicsevrinet  wifi  dcpsnd  on  die  load  applied,  load  sequence  sad  toad  history  airesdy  applied- The 
LT  md  SB  values  however  wfe  be  psedomiusndy  dependent  upon  specimen  geometry  and  (aetener  fleaWHiy  and  fit  The 
experimental  joints  are  broadfysub-dfeided  into  two  groups,  dtoae  in  which  LT  and  SB  are  sipuficantiy  altered  by  the  fastener 

fit  t^fieagd^(»aaaineT-dtB^ated)iifea)midthoeii  wtach  are  not  (geometry-dominated  joint*).  In  aliciaft  structure  it  is  not 
dear  ahichrtsss  of  Joint  predotahratti,  hot  current  ophtien  is  dial  gcometry-doromssed  joints  ate  more  common  among  thoae 

wnangHHvDecTHUL 

lit  view  of  the  load  transfer  sod  aecandary  bending  consideration*  detailed  above  the  high  secondary  bending  phase  of  the 
programme  is  quite  complex.  There  are  a  number  of  jotote  under  eoasideraliou  which  must  be  asaeaaed  in  a  Dumber  of  ways. 
Firstly  it  must  be  confirmed  by  measurement  that  the  LT  and  SB  requirements  are  fulfilled  i*.  tbe  average  SB  ratio  is  in  the 
range  0.2  to  0.5  and  the  averse  LT  i s  in  the  mage  20%  —  50%  over  a  range  of  applied  loads  and  a  range  of  fastener 
iomtihnkaa.  These  criteria  must  apply  when  the  Joint  it  in  a  'stabilised’  condition  he.  after  a  period  of  loading  when  movement 
in  dmjoim  has  amMfined  From  thesemrsau rr menu,  with  a  range  of  fastener  installatinni,  we  can  identify  whether  particular 
joints  are  fSatcner  or  geometry  dominated  Characteristic  vahiea  of  LT  and  SB  can  abo  be  manned  to  each  joint  These 
characteristic  valuer  meat  be  considered  hi  conjunction  with  the  remits  of  a  fatigue  tetning  programme.  As  discussed  in  the 
previous  section  a  fatigue  tearing  programme  is  required  to  establish  if  all  of  the  Joints  considered,  rate  fatigue  resistant  fastener 
systems  in  the  same  nay. 

From  the  remits  cif  the  LT  and  SB  measurements  and  from  the  fatigue  test  programme,  a  number  of  joints  must  then  be 
selected  as  standard  specimens.  In  order  to  determine  which  Joint  or  joints  should  be  defined  as  standards,  a  selection 
procedure  was  defined  by  the  working  group.  This  selection  procedure  starts  by  considering  whether  all  of  the  joints  yield 
similar  results  m  both  rankiiy  and  fatigue  rating,  with  the  use  of  fatigue  resistant  fastener  systems.  It  may  he  that  a  number,  but 
not  sfi  of  the  spedmtfts  produce  rimfiar  results.  H  this  ia  the  cme  then  one  joint  may  he  selected  from  this  common  group. 
Further  consMerutious  should  be  made  of  the  remaining  joints  to  assess  their  importance.  It  is  possible  that  the  fastener- 
douunmed  joint*  wig  yield  dillereat  results  to  the  geoenetry-dooiinated  joints,  in  which  case  one  joint  from  each  group  must  be 
selected.  It  may  also  be  the  case  that  the  value  of  SB  may  overshadow  any  other  factors  in  determining  the  relative  life 
improvements.  In  this  case  it  would  be  preferable  to  select  one  joint  which  could  produce  different  values  of  SB  by  simple 


3.  standabd  specimen  designs 

As  dtocusaed  ip  the  introduction  (sectiool),  die  scope  of  the  programme  was  to  lookmmore  detail  at  the  joints  used  in  the 
FRFS  programme.  Alargc  number  of  specimens  with  aoor  low  secondary  betiding  were  used  which  exhibit  various  amounts  of 
load  transfer,  in  order  to  consider  which  joints  mould  be  evriualed  in  detail  for  this  programme,  specimens  were  subdivided 

into  three  groups:  no  load  tranfar,  low  load  tramfar  and  high  loud  transfer.  Specimen  geometries  considered  and  those  chosen 

for  cvafcmlioo  in  the  three  categories,  are  described  fas  sections  3.1, 3.2  sad  3.3  respectively. 

In  contrail  however  few  laboratory  joints  were  tested  w  the  FKFS  programme  which  contained  secondary  bending  in  the 
range  0-2  to  0.5  and  were  ratathrdy  rirapic-  The  joints  c  onsidereri  in  detail  for  this  programme  are  described  in  section  .1.4.  The 
piste  materials  ltd  hole  ptepseation  procedure*  far  both  pans  of  this  programme  are  described  in  section  3-5. 


Tr  ii  iinjgni  Trtmntn  adit — fit  tptdmaum  -  ii-*-*~*  *-  ■*•-  r~i - '1~:r 

ww  fin*  Fsanre  sad  the  ofesr  hem  SwedmuTha  French  <Mp  was  Choeen  far  inclusion  at  the  AGARD  FRFS  meeting  in  San 
Aasoniomd  it  shown  m  Fig  I  .Hw  most  striking  lentun  of  the  apecmmi  is  the  offset  Ittianer  hole  resulting  in  dWerent  stress 

graffemi  on  ekher  ride  of  fee  bote.  Ufa  reprreews  But  end  fammrr  hi  a  row  where  the  strem  gradient  is  asymmetric.  Ute 

ovanBfamtner  load  tranter  it  aMO,tbau4ifcicfiaaai  load  tramfer  may  occur  farough  the  adepime.  The  secondary  bending  is 
oumUmud  to  he  Mgff^hiu.  Thl  madman  coatfatt  of  •  dogbane  wkh  •  aaafi  non-load  retrying  element  attached  via  die 
hutmt,  tlM  muril  efameal  and  file  dogbane  ondetgs  the  mm  hide  preparations  and  surface  treatments,  as  described  hi 
section  $J. 

Twndeaigascf  low  load  transfer  medmeat  were  considered,  both  of  which  were  tested  in  tbe  FRFS  programme.  Both 
detign*  ate  wvmre  doubte  dogbcaa  qirrirama.  one  prwhmriy  used  by  AOARP  la  tbs  criricafiy  loaded  hole  technology 
mt#M>m»mdnmifcvriopiil  fa  fife  UK.  Haymeriarifar  hi  comwptaadgecAetty.but  fee  UK  joint  Is  sj^jficwnly  abater. 


be  accessary.  These  am  undearabie  in 
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Measurements  of  LT  and  SB  on  the  AGARD  joiM  were  made  in  the  FRFS  programme^).  It  was  shown  that  each  of  foe 
two  fasteners  transfer  about  5%  of  the  load  The  secondary  bending  wss  measured  tod  found  to  be  in  the  range  0. 1  to  0.25. 


Eight  (Bfisreat  designs  of  double  shear  medium  or  high  loti  transfer  joints  were  tested  to  the  FRFS  programme,  each  joint 
containing  between  two  and  sixteen  fasteners.  Complex  joints  with  multiple  (esteaer  rows  end  multiple  fectcncn  in  each  tow 
■en  rejected  lor .  je  reasons  detcribed  in  eection  2. 1 ,  namely  that  (he  important  requirement  for  a  standard  joint  it  its  ability  to 
rate  fastener  system*  and  it  wn  considered  that  e  simple  two  fastener  joint  was  adequate  for  this  purpose.  A  load  transfer  of  30 
—  50%  in  the  lest  section  it  die  main  requirement,  Die  selection  wee  thus  based  an  sunpiicity  and  coat  Test  data  on  the  UK 
joint,  shown  in  Fig  3,  wss  already  available  from  the  FRFS  programme  ind  it  was  selected  for  comparison  with  the  no  and  low 
load  transfer  joint!. 


Four  specimen  designs  were  reviewed,  though  only  three  were  considered  for  use  ss  standard  joints.  The  reason  for 
including  test  data  on  the  fourth  is  for  comparison,  since  there  is  tittle  data  available  on  joints  which  meet  the  LT  and  S8 
requirements  of  this  programme.  The  Swedish  X  joint  shown  in  Fig  4  is  the  joint  which  was  considered  unsuitable  as  a 
standard.  The  joint  contains  1 6  fasteners  and  has  very  high  lateral  stress  gradients  both  of  which  are  undesirahlc  features  in  a 
standard  joint.  It  was  used  in  the  AGARD  Fatigue  Rated  Fastener  System'  (FRFS)  programme  and  the  resulte  presented  here 
were  obtained  as  part  of  that  programme.  Fig  5  shows  the  commonly  used  1  1/2  dogbone  specimen  which  was  also  tested  as 
part  of  the  FRFS  programme  by  the  Netherlands  and  USA.  Fig  6  shows  die  UK  Q-joint  which  is  a  modified  version  of  the  joint 
used  in  the  FRFS  programme  having  1  /4*  diameter  fasteners  in  the  controQing  section.  Fig  7  shows  the  detailed  design  of  the 
Swedish  U-joint  which  was  not  tested  in  the  FRFS  programme.  This  joint  m  a  derivative  of  the  X -joint  used  in  the  FRFS 
programme  snd  was  apccilirrily  designed  for  this  invcatigslion.it  is  essentially  a  single  column  X-joint  but  with  all-channel 
splice  pbMe  instead  of  the  flat  plate  used  in  the  X-joint  construction.  Two  and  four  column  U-joints  have  been  used  successfully 
in  the  past,  but  this  is  the  first  assessment  of  the  single  column  variant 


Jointa  in  Fart  1  of  the  exercae  were  manufactured  ham  a  common  batch  of 70 10  — 1765 1  material.  Joints  in  Part  2  were 
numafartttriid  from  7050— T76amterial  from  the  tame  batch  as  that  used  in  the  FRFS  programme.  The  chemical  composition 
gnd  mechanical  properties  of  both  materials  are  given  in  Table  2.  Holes  were  produced  by  the  general  procedure-pilot  drill, 
drill,  want,  oold-work,  ream,  deburr,  measure  hole  diameter,  countersink.  Variations  to  this  procedure  for  individual  fastener 
systems  are  given  in  sections  4.1  u>4.4.  Ail  specimens  were  wet  assembled  using  PR-1422  for  Part  1  specimens  and  PR-1431- 
G  for  Part  2  specimens. 


4.  FASTENER  SYSTEMS 

In  order  to  assess  whether  the  joints  described  in  the  last  section  rate  fastener  systems  in  the  same  way,  they  must  be  tested 
with  a  range  of  fastener  systems.  Fatigue  resistant  bstener  systems  rely  on  one,  or  a  combination  of  two  or  three  mechanisms. 
These  are  damping,  interference  fit  and  cold-working.  The  fastener  systems  chosen  to  assess  the  joints  must  therefore  cover  a 
range  of  combinations  of  these  parameters  which  are  typicaly  used  in  practice.  Accordingly  four  cases  were  chosen  for  each 
part  of  the  exercise  which  cover  this  range.  The  four  cases  are  described  bdow  and  are  based  on  the  systems  used  in  the  FRFS 
programme.  Systems  1 A  and  2A  are  identical  to  FRFS-A  and  systems  IB  and  2B  are  identical  to  FRFS-B.  Systems  1C  and  2C 
are  similar  to  FRFS-C,  which  specified  an  interference  fit  of  90  ±  1 0  pm. 

Parti  No  or  low  secondary  bending 


COLD-WORKED 

FASTENER 

FIT 

1A 

NO 

HI-LOK 

Clearance 
20  ±  10  pm 

lB 

YES 

HI-LOK 

Interference 
25  i  10  pm 

IC 

NO 

Hf-TIGUE 

Interference 
UOt  10  pm 

ID 

YES 

HUCK-EXL 

HOtlopm 

To  check  I 


TKWB  and  MUCK 


i  of  lute  and  tertettcrdtewieiswereiMcle  for  cadi  joiM  aod  are  auMBwised  in  Annex 
rcondhfons  lAto  ID  ware  ffi-LOK,HHj6K  in  BOEING  CXoold-warkied  hole.  Hi- 
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P«lt  2  High  secondary  bending 


COLD-WORKED 

FASTENER 

FIT 

2A 

NO 

HI-LOK 

Cfamnce 
20  ±  10pm 

2B 

YES 

Hl-LOK 

Interference 
25  ±  10pm 

2C 

NO 

HI-TIGUE 

Interference 
70  ±  10  pm 

2D 

YES 

HI-TIGUE 

Interference 
70±  10  pm 

To  check  these  fits,  measurements  of  hole  and  fastener  diameters  were  made  for  each  joint  and  arc  summarised  in  Annex 
1.  The  four  fastener  systems  chosen  for  conditions  2  A  lo  2D  were  HI-LOK,  HI-LOK  in  BOEING  CX  cold-worked  bote,  Hl- 
TKKJE  and  HI-TIGUE  in  BOEING  CX  cold-worked  hole. 

Details  of  each  fastener  system  and  hole  preparations  are  described  in  sections  4. 1  to  4.4.  Sketches  of  the  fastener  systems 
arc  shown  in  Fig  8. 

4.1  HI-LOK  la  plain  hole  (1A  and  2A) 

The  HI-LOK  fastener  can  be  installed  with  light  clearance  or  interference  fits.  It  is  available  in  Heel  and  titanium  with  a 
variety  of  coatings.  HI-LOKS  used  in  this  investigation  were  steel,  6.35mm  dia.  pins  installed  with  a  light  clearance  fit  and 
assembled  with  shear-off  type  collars,  or  K-fest  nuts.  The  pin  and  collar  part  numbers  are  given  in  Annex  2. 


4.2  HI-LOK  in  coM-wssfced  hole  (IB  and  2B). 

The  BOEING  CX  split  sleeve  process  coid-expands  die  fastener  holes  prior  to  assembly.  A  mandrel  is  inserted  through 
the  fastener  hole  and  a  split  sleeve  passed  over  the  mandrel,  into  the  fastener  hole.  The  mandrel  is  then  pulled  through  the 
sleeve  using  a  compressed  air  pouned  puller.  The  sleeve  is  discarded  and  the  hole  reamed  to  sire.  Specimens  arc  then 
detained  and  countersinks  drilled.  The  HI-LOK  fastener  (as  described  in  4.1)  is  then  installed  with  a  light  interference  fit  and 
assembled  with  a  shear-off  type  collar,  or  K-fest  nut 

The  cold-working  was  carried  out  using  F.TX  standard  tooling  to  the  8-0-N  specification  for  Pan  1  (the  no  or  low 
secondary  bending  joints),  and  to  the  6-3-N  specification  for  Part  2  (the  high  secondary  bending  joints). 

43  HI-TICUE  In  plain  hale  (1C  and  2C)  and  M-TIGUE  In  raid  weeted  hale  (2D) 

The  HI-TIOUE  fastener  is  an  interference  fit  fastener.  The  phi  has  conventional  parallel  sides  of  larger  diameter  than  the 
hole,  but  has  a  small  lubricated  bend  at  the  threaded  end  which  expands  the  bole  as  it  is  assembled,  allowing  the  parallel  put  to 
be  dravrn  through  the  bole,  resulting  in  an  interference  fit  The  pin  must  be  drawn  through  the  hole  usings  rivet  gun  and  then  the 
nut  assembled  and  torque  tightened  to  10.2  —  1  lJNm. 

The  hole  diameters  required  to  give  the  fits  dcacribed  in  section  4  are  presented  in  Tabte  3.  For  the  case  of  HI-TIGUE  in 
cold-worked  hole  (2D),  cold  espanskm  was  carried  onttaringF.Tl  standard  tooling  to  the  8-O-N  spdcficatiaa  using  a  common 
mandrel  supplied  by  FOKKER  (Q-Joliits  snd  1 1/2  dogbane  only).  A  final  reamer  was  also  supplied  by  FOKKER  to  give  the 
required  fits  in  the  Q-joints  and  1 1/2  doghont  ipirfaants,  The  pin  and  collar  past  numbers  are  given  in  Atmos  2. 

4.4  HUCKEXL(ID) 

This  fastener  system  combines  aB  three  fatigue  kfc  improvement  mechanisms.  It  is  a  two  part  fastener  pin,  the  first  part 
cold  working  the  hole  m  It  is  drawn  through,  tire  second  part  being  a  parallel  sided  pin  which  when  installed  produces  an 
interference  fit.  A  collar  is  placed  over  the  Interference  St  pin  and  swaged  into  locking  grooves,  whilst  the  cold-working  part  ts 
gripped  and  pulled  until  it  seperases  from  the  ins  tiilnd  pip.  The  oomplcse  operation  is  carried  out  usings  special  HIJCK  pulling 
tool. 

The  pert  nasttbers  of  the  pins  and  codan  are  glvanin  Annex  2.  It  should  be  noted  tiurt  this  fastener  type  aras  not  avail  able  in 
the  -6  leaigft,  cooaeqnenfty  tor  the  no  kind  transfer  specimen,  the  -g  length  was  used  in  conjunction  with  a  thicker  (7mm) 
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the  net  section  for  the  peak  FALSTAFF  level  The  high  load  transfer  irccimrnt  were  tested  at  2»0MPs  and  37SMPa,  the  hfc  at 

330MPa  being  calculated  assuming  a  linear  relationship  between  log  strew  and  tog  fife. 

Tests  were  earned  out  using  servo-hydraulic  fstigue  machines,  these  were- 
UK  —Mayes  lOQkN  capacity. 

Fiance  -  CEAT  lOOkN  capacity. 

Testing  an  the  UK  machines  was  carried  out  at  a  mean  cyclic  frequency  of  1 1  Hi  which  gives  a  frequency  of  1  Mb  for  fee 
maximum  load  excursion.  Testing  on  the  French  machines  was  carried  out  at  a  mean  cycSc  frerpseocy  of  12Hz,  giving  a 
frequency  of  2Hi  for  the  maximum  load  excursion. 

As  described  eaitier,  the  uformatian  required  from  the  test  programme  is  twofold;  the  load  transfer  and  secondary 

h^nrfing  i^MraotrriaU^nfrtvjninmivtrtiefHrigne  endurances.  A  number  of  specimens  were  strain  aa«  wed  and  meawrrmcnti 

of  LT  and  SB  made  using  foe  procedures  described  in  Annex  3. 

Hie  fatigue  test  stress  levels  varied  from  joint  to  joint,  depending on  the  amount  of  secondary  bending  The  proposed  two 

stress  levels  are  defined  as  those  levels  which  produced  fatigue  endurances  of  5000  and  1 5000  FALSTAFF  flights  with  the 
datum  (clearance  fit  HI-LOK)  fastener  installed.  These  stress  levels  were  not  universally  used  in  the  programme.  The  net 
section  and  gross  section  stress  levels  for  the  peak  applied  FALSTAFF  load  used  by  each  participant  arc  given  bdow;- 

Net  section  Gross  sectin 


UK-Q  joint 
N17I— 1  l/2dogbooe 
S—X  joints 
S-U  joint 


280MPa  and  350  MPa 
268MPA  and  335MPa 
200MPa  and  267MPa 
276MPa  and  34SMPa 


2  lOMPa  and  263MPa 
200MPa  and  230  PMa 
1 50MPa  and  200  MPa 
20OMPS  and  250  MPa 


f  RESULTS  AND  DISCUSSIONS 

The  results  and  discussions  of  the  two  parts  of  the  programme  are  presented  in  this  section.  The  no  or  low  secondary 
bemfing  part  of  the  exercise  is  discussed  in  section  6.1  and  the  high  secondary  bending  pun  in  section  6.2. 


1.1  Reenhs  and  dfecneaiamef  dm  near  lew  mcondmyhendtog  tests 

The  fadgoe  teat  results  from  the  no  load,  low  loud  and  high  load  transfer  joints  are  grim  in  Tables  4. 5  sod  6  respectively. 

The  isfoeivc  fife  hnpt  ui'inwnti  rnwr  foe  datum  system  (HI-LOK  fastener  in  a  clearance  fit  hole)  ate  given  in  Table  7.  The  lift 

legn  ii  i  rmien  (emirs  an  Tain  if  r~  ‘  -g - 1  i - * - *■  — ^  * — ' —  — 1 —  -> — t— Jwt 

wifo  foe  tasfo«of  dm  no  load  transfer  joint,  these  reauiti  are  dbcuased  separately.  Section  6.1.1  discusses  the  results  of  foe  low 
and  fe»  limit  tranadnr  Johns,  and  eecstonfi.1.2  foe  no  loud  transfer  joint 


6.U  Low high  kmdtnmjtrJoiMi 

flsifiaramsdrmfiiirtas»rfir-'T1  if-flm* — - “ - —  a - 

Table  7,  afi  of  foe  fcssenerayslsms  are  rated  lea  dmBar  any  by  foe  two  joints.  The  fife  improvement  factots  are  consioenily 

Ughcr  at  foe  fefecr  etnas  tosel,  mmketfiy  so  for  foe  HUCK  and  HJ-TH3UE  fasteners.  TVs  is  peritaps  to  be  expected  wife 
hnarfennee  fit  festanars,  foe  nmgnitnde  of  any  bcnsAcfel  compressive  residual  mess  being  controlled  by  the  peak  of  the 
appfiud  toadhm. We  It  not  ejected  however  fee  foe  ease  of  cold-markfcig.  where  mote  benefit  is  expected  at  lower  stresses. 
The  nfekhfoef  foefestaner  syetems  is  eonaiatMS  for  foe  two  jofeM  considered  end  is  stmanarised  betour- 
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HMjC* 
t 


W^OKAftc. 

HUCK 


[ 


FASTENER  SYSTEM  I 

■T  J 


teal  10  hr  foe  fear  and 


type  ia  foe 


net. 

k  seme  teet  conditions.  Log  aeean  fives  of  each 
wn  noted  however  subsequent  to  teefotg  that  foe 

of  steeL  The  teat  data  are  plotted  in  Figs  9 
feuelstnepeedutfy.fevfew  of  dm  hi^ieeuner  in  foe  data,  comparing  the  fife  improveeaent 
mhamg^seahfee  hnprmslon  of  expected  fife  hnprouemente  TM  effect 

_ eased  la  Aansn  4.  The  effect  of  fesesnrrtyps  on  fetiguseraciinrtgim  must 

ere  ^ven  In  Annex  3,  Oenerelobeerveti  onsets  also  made  on  the  effect  of  feriener 


* 


A/2 

HwanlMdamriwjahrii  abound  mmIm  and  surface  dents  received  in  traarit  Ina  the  UK  lo  the  testing  laboratories 
~**-nm  Tim  jmmglt — rT~pTir-|dtikifLrtTfttTrifTashn  in  rrrirnn  Whl  4Wi  nrrrimnni  -*^f ttir  ~rmrir i~x:  i['  i  l  iinrn 
ana  hrfMWuMhMeMdrind  hi  Wa  MM  merino  and  one  hrffaMamd  in  dw  dogbane  radius.  The  fatigue  test  results  are  given 
ia  Mk  4,  Imm  utdrii  a  aabe  of  ebaervatiaas  <aa  be  Made.  Failures  boa  the  dogboae  radius  are  independent  of  the 
hamnecsyatnuiantdcd  and  haaccdMlMipue  beware  Ileoiudtpeailaat.  Fsibircs  at  ibelueh  stress  level  initiating  from  surface 
•MONluapaadamMdWM  daw  tmaMdHadMmWflhig  Mam  dm  do^eaciadhn.  This  is  not  the  case  at  the  lower  stress  level.  In 
shoe  of  dw  Madman*  Mad  afd»apacMmas  MM  Mom  an  appamat  defect  in  the  dogbonc  radius  it  must  be  concluded  that 
dds  gpnMnn  ia  mm  ndbMhMr  Mnaaar  emhmden.  Ha  anas  coaceatranug  effect  of  the  hole  is  readify  overcome  by  fatigue 
eadaaa  faestar  aymama.  Fadpe*  Whares  dwredsee  oooar  a  an  riteruabve  she  of  stress  concentration.  A  general  conclusion 
eaa  dnariaa*  be  damn.  MM  a  ana  aaaeaaaadaa  gamMr  daa  dat  ef  an  open  hole  is  required  in  a  standard  joint  for  fastener 
awdariMa.  Ha  pmMr  aaaaaaadea  can  be  dmplF  eridemd  by  wing  a  joint  in  which  some  load  is  transferred  by  the  fastener 
spMmLOrinrdarigaasdnulmri  aaafajaad  have  been  sueeeariady  and  for  faaaner  evaluatian(2)  but  have  not  been  tested 


A  chagpi  htdafea  af  da  UK  Oiaba  has  aaaa  das  da  tea  results  have  been  obtained  on  two  different  designs  of  joint. 
AnanMeananef  MempetMneeaf  Asschaaft  isamde  ia  Annex  t  The  results  of  the  LT  and  SB  measurements  on  each  joint 


6.ZI 


The 


.  The  raeuha  ef  da  Oiaha.  I 
i  AeLTaad: 


on  each  of  the  joints  arc  presented  and  assessed  in 
U-foaa  and  X -joint  are  presented  in  subsections  a,  b,  c  and  d 


degree  whh  applied  had.  The  values  of  SB  at  the  peak  applied 
(or  existing  residual  stress  fields  are  modified)  and  if  so  their 
a  xipridcaa  effect  upon  the  damage  done  by  the  ensuing  load  cycles, 
by  da  rriatrveiy  lower  load  cyder,  typically  da  maximum  damage  occurring  at  a  stress 
« I /J  eddn  tmnl  J2  peak  anus.  The  SB  vduea  al  da  damaging  1  /3rd  peak  stress  level  are  also  calculated  as  a  %  of 
as  Ac  pa*  land,  U.  if  da  M  value  for  a  joint  iaO.5  and  da  I  /3rd  ratio  is  80%  then  the  peak  SB  is  0.5  and  the  SB  at 


1 /Tad  FALSTAFF  peak  land  is  0.4 


l«lf  daO-johet(3/l6’  and  1/4'  fasteners  in  the  controlling  section)  with 
I  hi  pMM  and  odd  wasted  bolus.  The  remits  are  presented  in  Tables  8  and  9  for  the  1/4’ and 
of  LT  and  SB  whh  HI- T1CUH  fasteners  installed  in  plain  and  cold  worked 
diameters  of  HI-LOK  fasteners  is  made  in 

1  ael  of  MM  data  h  is  appaauau  dm  oaU  working  does  not  ijgnilictndy  affect  the  SB  ratio  but  does  affect  the  LT. 
ml  af  faahmar  dl  however  is  gala  worked.  Comparing  Tables  9  and  10.  it  can  be  seen  that  high  interference  fit 
|(2C  and  2D)  produce  lower  LT  and  M  values  hr  the  lest  section  than  the  light  dearance/light  interference  fit 
~  k»d  20)  This  weiednn  hr  mines  hoauniu  mpshemwg  compared  with  other  fastener-dominated  joints  (e.g. 

joint,  but  with  a  low  fastener  dominance.  A 

with  any  of  the  fastener  systems  installed,  the  I /3rd  load 


b)  I  l/2de*i 


I  HI-LOK  Mid  HI-TIGUE  fasteners  installed  in  plain 
i  II  and  1 2  respectively.  Values  of  load  transfer  vary  little  with 
r  m  peril  applied  load  vary  only  from  24%  to  31%  for  the  four 
e  The  secondary  bending  ratio  however  varies  both  with  applied 
•  efseeandwyhsadAgwiA  applied  loud  shows  a  reversal  of  the  bending  direction  with 
a  ( 2A  and  2d)  la  the  HI-LOK  in  a  plain  hole  case,  the  rate  of  change  of  SB  ratio  with 
.  Writ  HLTIGUE  fastearrs  mended.  however,  very  Kttk  variation  of  secondary  bending 
l  We  l/Jrd  lead  nrio  bring  about  d0%  for  both  phdn  and  cold  worked  holes.  Comparing  the  SB 

can  the  fastener  system.  The  1  l/2dogbortc  specimen  is 
t  of  We  measurements  at  peak  FALSTAFF  load  is  presented 


U-johu  nhh  tfl-LOK  and  W-TKJUE  fasteners  in  plain  holes  are 
Jecadda  specimen  but  evaluation  of  the  results  was  not  realistic 
made  with  and  without  mid- 
cosaparing  the  reeulti  with  and  without  support, 
whh  HI-LOK  fhsleners  installed  and  0.26  and 
vary  hole  whh  applied  load,  the  1 /3rd  load  ratio  varying 


between  82%  and  100%  for  the  four  cases.  The  variation  of  SB  values  with  fastener  6t  is  similar  to  that  found  in  the  Q- 
joint.  The  reduction  in  SB  value*  in  the  U-joint  with  increasing  fit  is  13%  to  16%  compared  with  a  reduction  of  20%  to 
27%  in  the  Q-joinl 

d)  X-jotnt  measurements 

Measurements  of  SB  have  been  made  on  this  joint,  with  the  datum  fastener  system  installed  The  results  of  (he  SB 
measurements  give  values  between  0.4  and  0.8  (depending  on  location)  at  the  peak  applied  load  The  average  value  across 
the  test  section  is  Qril.  Load  transfer  measurements  were  not  evaluated  as  too  few  strain  gauges  were  used  to  give  realistic 
results. 

6.22  Fatigue  tea  results 

The  fotigue  test  results  are  presented  in  Tables  14  to  1 7  for  the  O-joint,  1 1/2  dogbone,  X-joint  and  U-joint  respectively 
and  discussed  in  sections  a)  to  d)  respectively. 

a)  O-joint  endurances 

Fatigue  testing  of  the  Q-joint,  as  discussed  earlier,  has  been  performed  with  two  variants,  one  with  3/16*  diameter  and 
one  with  1/4*  diameter  fasteners  in  die  controlling  section.  The  HI-LOK  fasteners  in  plain  and  cold  wotted  holes  (2A  and 
2B)  were  tested  with  the  smaller  fasteners  in  the  controlling  section.  The  Hl-TKJUE  fasteners  in  plain  and  cold  worked 
holes  (2C  and  2D)  were  tested  with  the  larger  fasteners  in  the  controlling  section. 

Comparing  first  the  results  for  Hl-LOK  fasteners  in  plain  and  cold-worked  holes  (sec  Table  14),  the  expected  benefit 
produced  by  cold-working  alone  is  offset  by  the  relatively  high  secondary  beading  in  the  joint.  The  resultant  stresses  at  the 
interface  of  the  joint  were  some  40%  higher  than  the  axial  stresses  applied.  The  high  stress  levels  in  the  FALSTAFF 
sequence  thus  quickly  wipe  out  the  beneficial  compressive  residual  stresses  induced  by  the  cold  working  process. 

In  contrast,  however,  the  interference  fit  HI-TIGUE  fasteners  provide  considerable  improvement  in  fotigue  performance. 
The  reason  for  this  benefit  is  threefold.  Firstly  the  fretting  damage  is  considerably  reduced  due  to  the  lower  relative  slip 
caused  by  the  interference  fit  Secondly  a  compressive  beneficial  residual  stress  is  formed  by  the  application  of  the  highest 
load  in  the  FALSTAFF  sequence.  The  secondary  bending  causes  the  surface  stress  at  the  joint  interface  to  be  40%  higher 
than  the  axially  applied  stress.  Thus  a  large  compressive  residua)  stress  is  formed  at  the  interface  on  unloading.  Thinly  the 
stress  concentration  factor  is  considerably  reduced  by  the  high  interference,  thus  reducing  the  damaging  effect  of 
subsequent  alternating  loading  .  The  combination  of  these  three  effects  causes  a  considerable  increase  in  the  fatigue 
endurance.  The  combination  of  an  interference  fit  fastener  and  a  cold  worked  hole  appears  to  give  an  even  greater 
enhancement  in  fatigue  endurance.  This  enhancement  however  does  change  the  failure  mode  of  the  joint  Three  of  the 
specimens  tested  with  HI-TIGUE  fasteners  in  cold  worked  holes,  failed  away  from  the  test  section,  one  at  the  edge  of  the 
gripped  area,  one  at  the  controlling  section,  and  one  at  the  end  of  the  lap  plate.  All  of  the  remaining  specimens  with  cold 
work  and  interference  fit  had  at  least  one  crack  initiating  due  to  fretting  in  the  test  section,  but  not  from  the  fastener  holes. 
It  must  be  concluded  that  the  haul  of  life  enhancement  of  this  joint  is  being  approached  as  failure  is  beginning  to  occur 
remote  from  the  fasteners.  However  the  joint  is  considered  to  be  capable  of  rating  most  fastener  systems  under  conditions 
of  high  secondary  bending. 

b)  1  1/2  dogbone  endurances 

Testing  of  the  1  1  /2  dogbone  specimen  has  been  undertaken  at  two  sites  Testing  with  Hl-LOK  fasteners  installed  in  plain 
and  cold  worked  holes  (2A  and  2B)  was  undertaken  at  NLR  as  part  of  the  FRFS  programme.  Testing  with  HI-TIGUE 
fasteners  installed  in  plain  and  cold  worked  holes  (2C  and  2D)  was  undertaken  at  the  University  of  Pisa.  In  view  of  the 
possibility  of  high  secondary  bending  stresses  occuring  in  this  specimen,  it  was  required  that  the  testing  was  performed 
using  fatigue  test  machines  of  a  similar  stiffness  at  both  sites.  To  ensure  that  a  change  in  test  machine  did  not  affect  fatigue 
fives,  a  number  of  check  testa  were  undertaken  at  the  University  of  Pisa.  These  results  are  presented  in  Table  15.  along 
with  the  odter  fatigue  test  results  of  the  1 1/2  dogbane  specimen. 

The  compatibility  tests  show  that  with  clearance  fit  Hl-LOK  fasteners  installed  and  tested  at  the  higher  stress  level, 
consistent  data  was  produced  at  both  sites.  The  1 1/2  dogbone  specimen  is  a  fastener-dominated  joint,  so  that  the  amount 
of  secondary  bending  is  dependent  on  the  fastener  fit  The  secondary  bending  in  the  cold-worked  light  interference  fit 
joint  (2B)  it  some  four  times  greater  than  that  in  the  clearance  fit  joint  (2A).  The  beneficial  compressive  residual  stress 
field  formed  by  the  cold  working  process  is  offset  by  the  detrimental  increase  in  local  surface  stress.  As  a  consequence 
there  it  no  increase  in  fatigue  endurance  over  the  datum  system  using  cold- working  and  light  interference  fit.  The  data  on 
joints  with  HI-TIGUE  fasteners  in  plain  holes  (2C)  shows  that  no  improvement  in  fatigue  endurance  is  achieved  with  the 

uaeof  interference  fit  fastener*.  The  remits  of  the  fatigue  tests  with  HI-TIGUE  fitsteners  installed  in  coid-worked  holes 

(2D)  also  show  no  fife  improvement  over  the  datum  Hl-LOK  system.  Both  of  these  observations  are  attributed  to  the 
increase  in  secondary  bending  of  the  joint  with  increased  fastener  fit  The  SB  ratio  with  high  interference  fit  fasteners  has 
Increased  to  a  peak  value  of  0.4J  compared  with  0.22  for  light  interference  cold-worked  botes  and  less  than  0.1  for 
clearance  fit  holes.  In  fact,  the  increased  SB  ratio  for  the  H1-TK5UE  fastener  in  a  plain  hole  (20,  causes  a  reduction  in 
fatigue  We  compared  with  the  datum  Hl-LOK  system.  Cold  working  of  the  hole  before  installation  of  a  HI-TIGUE 
fastener  (2D),  however,  causes  an  incresae  fat  fatigue  life  over  the  HI-TIGUE  fat  a  plain  hole  (2C>  This  increase  only 
brings  the  fatigue  Hfc  of  the  HI-TIGUE  fastener  in  a  cold  worked  hole  back  to  that  of  the  datum  system.  It  is  considered 
that  from  these  results,  the  1 1  /2  dogbone  specimen  is  not  suitable  for  the  evaluation  of  fatigue  resistant  fastener  systems. 
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TABLE  1 


PARTICIPANTS  IB  THE  STAKE  AM)  SPECI1IEBS 
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Centre  B'essais  Aeronautique 
de  Toulouse  -  CEAT 

Italy 

University  of  Pisa 

The  Netherlands 

Rational  Aerospace 

Laboratory  -BLR 

Sweden 

Saab-Scanla 

Sweden 

Flygtekniaka  Forsoksanstalten 
-  FFA 

United  Kingdom 

Royal  Aircraft  Establishment 

PROGRAMME 

I  P  A  Liberge 

G  Cavallini 
H  H  van  dor  Linden 

L  Jarfall 
B  Palnberg 

R  Cook 
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TABLE  3 


Kola  Ola 

(Beaed) 


OK  Ola 


Hala  Ota 
(After  OV) 


1A  Hl-Lok  la 

e.n 

8.86 

oa 

Torque  tltfrtaa 

Plata  Mala 

S.37 

10.06 

to  8.0  -  8.1  Ha 

U  Hl-Lok  la 

6.38 

8.06 

' 

BoeorB  Value  at 

Plata  Hala 

•.37 

10.06 

eMail  collar 
aheara  mtt 

l»  Hl-Lok  la 

0.07 

8.86 

6.30 

Torque  ttqHtaa 

cv  Hala 

•.04 

10.06 

6.38 

to  o.o  -  8.1  He 

a  Hl-Lok  la 

».n 

8.88 

6.30 

taaaws  value  at 

CV  Hala 

#.  a 

10.08 

6.32 

•Meh  collar  ahaan 
off 

1C  A  2C  Hl-Tlgue 

6.21 

8.88 

oa 

Torque  titter  to 

la  Plata  Hala 

6.88 

8.83 

10.8  -  11.3  m 

10  Wwftfr  EXL 

6.048 

ftfOaead  iv 

Hack 

Automatic  nlaaytaH 

6.17 

Xaatallattai 

i  Toole 

8p  Buaqlaq  Cellar 

a  Hl-Tlgue  la 

8.87 

8.83 

Oatao  Oeaaei 

Torque  tlpitea  to 

CV  Hala 

6.04 

8.83 

•appltaO 

10.8  -  11.3  Ha 

TABLE  8 


TABLE  9 


IT  AND  SB  MEASURE  KENTS  -  9-JOINT  0/16"  DIA)  HI-LOK 
SPECIMEN  TYPE:  9-JOINT  WITH  3/16"  DIA  HI-LOK  FASTENERS 

Sjrttw  2A  Plain  toll  -  clearance  fit 
Systea  2t  Cold  worked  hole  -  light  Interference  fit 
MAX  LOAD  (kN):  6? 

MIN  LOAD  (kN):  >20.5 


■ 

2A 

2B 

FALSTAFF 

LT  * 

SB  ratio 

LT  % 

SB  ratio 

0 

' 

0 

0 

0 

16.7 

30.4 

.192 

28.0 

.264 

33.3 

36.1 

.341 

37.5 

.297 

50 

41.3 

.350 

42.3 

.353 

66.7 

44.3 

.376 

44.9 

.393 

83.3 

46.4 

.405 

47.3 

.422 

100 

49.6 

.443 

48.7 

.441 

83. 3 

51.3 

.406 

49.8 

.402 

66.7 

52.5 

.348 

50.3 

.352 

50 

54.5 

.318 

51.3 

.302 

33.3 

56.8 

.309 

53.3 

.270 

16.7 

65.3 

.336 

59.3 

.419 

0 

0 

0 

0 

0 

Minlnun  load 

48.3 

.418 

52.0 

.290 

0 

0 

0 

0 

o 

_ 

TABLE  11 


LT  AND  SB  MEASUREMENTS  1*  DOGBONE,  HI-LOK 

SPECIMEN  TYPE:  lX  DOGBONE  WITH  St"  DIA  HI-LOK  FASTENERS 

Syataa  2A  Plain  hola  -  claaranca  fit 

System  28  Cold  marked  hola  -  light  lntarfaranca  fit 

MAX  LOAD  (kN):  60. 5 

MIN  LOAD  (kN):  -16.2 


X  of  the  max  load  in 
FALSTAFF 

2A 

ZB 

LT  X 

SB  ratio 

LT  X 

SB  ratio 

0 

0 

mm 

0 

0 

16.7 

25.9 

22.0 

-0.086 

33.3 

24.7 

■sss 

22.1 

0.031 

50 

23.8 

MXSM 

22.1 

0.142 

66.7 

24.6 

-0.005 

22.2 

0.187 

83.3 

25.1 

-0.055 

23.0 

0.210 

100 

25.7 

-0.095 

23.8 

0.223 

83.3 

25.5 

-0.058 

23.3 

0.211 

66.7 

24.3 

-0.028 

22.9 

0.180 

50 

23.1 

0.001 

23.1 

0.140 

33.3 

22.4 

0.026 

23.6 

0.060 

16.7 

20.9 

0.026 

24.9 

-0.023 

0 

0 

0 

0 

0 

Minimum  load 

12.7 

0.054 

19.5 

-0.055 

0 

0 

0 

0 

0 

TABLE  12 


LT  AND  SB  MEASUREMENTS  -  1*  DOGBONE,  HI-TIGUE 

SPECIMEN  TYPE:  1){  DOGBONE  WITH  DIA  HI-TIGUE  FASTENERS 

Syatea  2C  Plain  holt  -  high  interference  fit 
SystM  2D  Cold  worked  hole  -  high  lntorforoneo  fit 

MAX  LOAD  <kN):  60.5 
MIN  LOAD  (kN):  -16.2 


%  of  the  max  load  in 
FALSTAFF 

2C 

2D 

LT* 

SB  -atio 

LT* 

SB  ratio 

0 

0 

■■ 

0 

16.7 

28.8 

HESfl 

30.5 

33.3 

28.3 

WS3M 

31.0 

50 

27.8 

0.504 

31.8 

0.483 

66.7 

27.7 

0.502 

31.5 

0.517 

83.3 

27.7 

0.477 

31.4 

0.506 

100 

27.8 

0.455 

31.4 

0.481 

83.3 

27.5 

0.412 

31.1 

0.455 

66.7 

27.7 

0.387 

30.9 

0.429 

50 

27.8 

0.352 

30.8 

0.394 

33.3 

27.3 

0.266 

30.4 

0.310 

16.7 

26.3 

0.060 

29.2 

0.136 

0 

0 

0 

0 

0 

Minimum  load 

24.0 

0.111 

27.2 

0.311 

0 

0 

0 

0 

0 

TABLE  13 


SB  MEASUREMENTS  U-JOIMT,  HI-LOK  AND  HI-TIOUE 
• 

SPECIMEN  TYPE:  U-JOIMT  WITH  %  INCH  DIA  FASTENERS 

SYSTEM  2A  HI-LOK  IN  PLAIN  HOLE 
SYSTEM  2C  HI-TIOUE  IN  PUIN  HOLE 

(a)  NO  SIDE  SUPPORT  AND  (b)  MID  SIDE  SUPPORT 


Syataa  2A 

*  of  tha  aax  load 

Typ*  (a) 

Typ*  (b) 

in  FALSTAPF 

SB  ratio 

SB  ratio 

0 

0 

0 

16.7 

0.360 

0.485 

33.3 

0.305 

0.455 

SO 

0.305 

0.445 

66.7 

0.295 

0.420 

83.3 

0.290 

0.400 

100 

0.300 

0.395 

83.3 

0.295 

0.380 

66.7 

0.255 

0.355 

50 

0.250 

0.335 

33.3 

0.245 

0.310 

16.7 

0.335 

0.375 

0 

0 

0 

Minima  load 

0 

0 

0 

0 

0 

S|ftM  2c 


Typ*  (a) 
SB  ratio 


Typ*  (b) 
SB  ratio 


O 

0. 

0. 

O. 

0. 

0. 

0. 

O. 

0. 

0. 

0. 

0. 

0 

0.135 

0 


Aftar  10f000  cycl** 
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FASTENER  SYSTEM 


FALSTAFF  Flight*  to  Failure  end 
I  Log  Mean  Values  at  Peak 
Applied  Net  Section  Streaa 


268  MPa 

335  MPa 

2A  HX-LOK  IN 

PLAIN  HOLE 

■ 

P| 

ZB  HX-LOK  IN 

COU)  VOMCKD 

HOLE 

■■  ■ 

2957 2 

40431* 

58231 

35759* 

139722) 

13524* 

14231 

17962* 

19172 

1160451 

30764 

9983 

36572 

16734* 

2C  Hl-TIGUK  IN 

14062* 

PLAIN  HOLE 

11780 

[12893 

37146 

19007* 

42640* 

17308* 

2D  KX-TXOCH  IN 

38265* 

14946 

COLD  WORKED 

14564* 

HOLE 

1  mmd 

BL6358I 

2D  HX-LOR  IN 

11165 

PLAIN  HOLE 

13826 

TESTS  AT  PISA 

19955 

F*S50| 

•FAILURES  INITIATING  AWAY  FROM  TEST  SECTION 


Swtdish  'X'  joint 


* 


I 


Fig  8  Fastener  systems 


Fig  9  Fatigue  endurance  at  280MPo  net  section  stress 


Mi-Lok  In  Hi-Lok  in  Hi-Tigu#  in  Hi-Tlflua  in 

plain  haia  cold  warkad  plain  haia  cold  workad 

halt  ho  la 


Fa  at  an  ar  ayattrn 


Fip  11  Summary  at  Q— join!  data  at  350MPa  paak  strops 


-t  ) 


Pillpii  onduranca  (flights  x10*| 


Fatigue  endurance  (flights  x  103 ) 
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ANNEX  I 
FASTENEBF1TS 


A  Famenerfittaf— a rfewsrrsafsry IruBgJsiuli 

fa  order  to  cower  a  range  of  fastener  fits  commonly  used  in  practice,  four  ranges  were  chosen,  two  in  combination 
with  cold  working.  The  four  ranges  chosen  were:- 


1A  clearance 
IB  interference 
1C  interference 
ID  interference 


20±  10  pm 

25  ±  10  pm  (with  cold  work) 

1101 10pm 

120  ±  10  pm  (with  cold  work) 


In  order  to  check  these  fits,  both  hole  and  fastener  diameters  were  measured.  The  festeners  used  were  ail  from  a  common 
batch  and  the  diameter  variation  was  very  low.  The  specimens  were  produced  by  the  same  manufacturer  and  the 
tolerances  oo  hole  diameter  were  found  to  be  good,  with  the  exception  of  system  ID  where  the  hole  was  produced  by  a 
special  tool  The  specified  and  measured  fits  are  given  below  for  the  four  fastener  systems. 


1A 

Range  specified 

Hole  diameter  range 

Fastener  diameter  range 
Measured  fit  range 

+10 +  30  pm 

6.363  —  6.368  mm 
6.325 -6.337  mm 
+26  +  43  pm 

IB 

Range  specified 

Hole  diameter  range 

Fastener  diameter  range 
Measured  fit  range 

—15  — 35  pm 

6.31 2 -6.31 7  mm 
6.325 -6.337  mm 
—8  — 25  pm 

1C 

Range  specified 

Hok  diameter  range 

Fastener  diameter  range 
Measured  fit  range 

-100- 120  pm 
6.218 -6.223  mm 
6.325 -6.337  mm 
-102- 119  pm 

ID 

Range  specified 

Hole  diameter  range 

Fastener  diameter  range 
Measured  fit  range 

-110- 130  pm 
6.198— 6.248  mm 
6.338  —  6.348  mm 
—90—  150  pm 

B  Fastener  fits  af  Ugh  secondary  bending  Joints 

In  order  to  cover  a  range  of  fastener  fits  commonly  used  in  practice,  four  ranges  were  chosen,  two  in  combination  with 
cold  working.  The  four  ranges  chosen  were:— 


2A  clearance 
2B  interference 
2C  interference 
2D  interference 


20 1 10  pm 

25 1 10  pm  (with  cold  work) 
70 1  10  pm 

70 1 10  pm  (with  cold  work) 


In  order  to  check  these  fits,  both  the  fastener  diameter  and  hole  diameters  were  measured.  The  W-LOK  fasteners  use 
each  participant  in  systems  2A  and  2B  were  not  from  a  common  batch,  hence  the  measured  fastener  diameters  are 
necessarily  consistent.  The  HI-TIGUE  fasteners  however  were  from  a  common  batch  and  the  measured  diameters 
therefore  the  same.  Variation  in  fastener  diameter  for  a  given  batch  was  found  to  be  very  low,  usually  less  than  about  5  pm. 
hole  diameters  produced  and  measured  by  individual  participants  also  show  good  repeatability,  generally  within  15  pm 
hole  diameters  were  measured,  and  a  summary  of  measurements  and  fits  is  given  below. 


Joint 

O 

u 

1 1/2 
X 

Joint 

Q 

U 

11/2 

X 


Fastener  system  2A  —  (range  specified  +10  +  30  pm) 

Hole  dia.  range  Fastener  dia.  Range  of  fits 

(mm)  (mm)  (pm) 


6.363  —  6.368 
6.315-6.320 
6.331  —6.341 
6.345  —  6.360 


6.330 

6.324 

6.310 

6.330. 


+33+38 
-4  -9 
+21  +31 
+15+27 


Fastener  system  2B  -  (range  specified  -15  -35  pm) 


Hole  dia.  range 
(mm) 

6J12-6JI7 
6.320  —  6.327 

6.325—6.339 


Fastener  dia. 
(nun) 

6J30 

6.324 


Range  of  fits 

(pn) 
-16-21 
+3  -4 


6.330 


+9  -5 


is 
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The  aMfcod  adopted  for  measuring  load  tiwhi  awl  secondary  bending  in  (ointi  was  that  used  m  the  FRFS  programme 
Strain  pp  *»ra  aandbad  to  ka  pdMi  at  varirna  locations  a*  described  in  Annex  4  of  reference  2.  The  SB  gauges  were 
MM  an  etiher  Al*  of  ke  Idling  dMMM  sear  to  Ac  teamsters  from  which  failure  occurs.  The  SB  ratio  w  amply  calculated 
M  tin  ratio  of  ke  banding  stran  to  the  mid  *• tin.  The  LT  gauges  were  attached  to  either  side  of  the  specimen  at  two  distinct 
tamtam  Otic  location  wm  reatoae  from  the  tea  section  aid  measured  the  total  load  applied.  The  other  location  wm  on  the 
teBtegefaamM  beyond  titc  row  of  temcaers  from  atiiciidtcteaereoccuTed.  This  row  of  gauges  measured  the  load  bypassing  the 
tesaaas**.  The  mU  at  art  mil  kero  values  was  not  (Vtlnxl.  The  method  urod  on  the  O-joint  consisted  of  avenging 
ciiMtiwtii  I  va>M«a  across  the  rocticn.  The  method  used  on  the  1  1/2  dagbooe  confixed  of  integrating  a  fifth  order  polynomial 
St  ohMinad  tram  the  surface  strain  measurements.  Each  method  wm  need  consistently  and  comparisons  should  only  be  made 
at  LT  rohroa  an  each  specimen  with  dMtereat  fastener  iastaBaiioas.  Comparisons  between  LT  values  for  different  joints  should 
paly  he  rood  Magnate 

Values  of  LT  and  SB  are  dependent  on  the  applied  load.  Accordingly  measurements  from  the  strain  gauges  were  taken 
over  the  range  of  loads  which  were  applied  during  the  fatigue  tests.  The  range  was  split  Into  discrete  levels  and  measurements 
were  taken  at  each  level  #v*n  below. 

%  of  maximum  load 
inFALSTAFF 
0 

16.7 

33.3 

SO 

66.7 

*3.3 

100 

83.3 

66.7 

50 

333 

16.7 
0 

minimum  load 
0 

The  LT  and  SB  values  were  calculated  at  each  discrete  level  for  each  strain  gauge  pair.  The  average  value  was  calculated 
across  the  section  and  is  presented  in  tabular  form.  The  data  also  shows  how  the  LT  and  SB  values  vary  throughout  a  loading 
cycle.  A  measurement  cyde  was  made  at  the  start  of  the  test.  In  order  to  ensure  that  measurements  were  also  available  when  the 
joint  wm  stabilised,  a  bedding-in  procedure  wm  used.  This  amply  involved  cycling  the  joint  from  zero  load  to  50%  of  the 
maximum  FALSTAFF  load  for  a  number  of  cycles.  The  measurement  cycle  was  then  repeated.  This  process  was  repeated  until 
the  measurements  of  LT  and  SB  had  stabilised.  The  loading  sequence  used  in  this  programme  is  given  betow:- 

•  0-  100%  FALSTAFF -MIN  F  ALLSTAFF- 0 
0-  50% FALSTAFF -0(5000 CYCLES) 

•  0  -  100%  FALSTAFF  -  MIN  F  ALLSTAFF  -  0 
0-  50% FALSTAFF -0(5000 CYCLES) 

•  0  —  100%  FALSTAFF  —  MIN  FALSTAFF  —  0 

The  *  represents  the  metau remem  cycle  described  earlier. 

The  complete  FALSTAFF  load  range  was  not  used  for  the  bedding-in  process.  This  is  because  experience  showed  a  high 
percentage  of  strain  gauge  teihires  using  the  complete  sequence.  Since  some  of  the  gauges  were  adhered  to  the  laying  surfaces. 
replacement  wm  difficult  and  time  consuming.  The  compromise  bedding-in  process  however  resulted  in  some  strain  gauge 
hysteresis,  during  dte  measurement  cycle.  The  measurements  of  LT  and  SB  presented  in  this  report  are  those  obtained  after  the 
bedding-in  procedure. 
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ANNEX4 

IMPOBTANCE  Of  SCATTER 

The  fatigue  csuhinaccs  for  the  no  or  low  secondary  bending  programme  are  preseated  in  figures  9  and  10  for  the  case  of 
law  aad  high  applied  stresses  respectively.  The  scatter  is  generally  lower  at  the  higher  stress  level  but  not  significantly.  There 
appaarsto  he  no  relationship  between  fastener  system  and  the  amount  of  scatter.  The  NLT  transfer  specimen  endurances  are 
similar  with  al  of  the  fastener  systems  and  at  both  stress  levels  and  are  therefore  not  further  considered  in  this  Annex. 

The  Mgae  tide  scatter  bands  a#  die  three  enhanced  fastener  systems  (IB,  1C  and  ID)  overtap  for  both  joints  at  both  stress 
levels,  h  should  be  bone  in  mind  that  the  HLT  joint  endurances  were  obtained  at  37SMPa  and  the  LLT  joint  at  350MPa. 
Scatter  heads  of  the  dahlia  fastener  system  only  overlap  those  of  the  other  three  systems  in  one  case.  This  is  the  case  of  the  HLT 
joint  at  the  lower  assess  level  with  HKTK3UE  fasteners.  This  could  potentially  result  in  a  lower  than  unity  life  improvement  with 
•S-TKJUE  fastened  over  the  datum  system. 


To  quantify  the  effects  of  scatter  on  fatigue  life  improvement  factors  (L1F),  the  results  are  analysed  in  two  ways.  Firstly  the 
retreutes  of  UF  are  calculated  from  the  data.  Secondly  each  data  set  is  considered  to  be  distributed  in  some  regular  way.  The 
atiahma  lives  of  each  data  set  are  used  to  calculate  LIF  (min)  and  the  maximum  lives  of  each  data  set  to  calculate  LIF  (max). 
Assuming  the  distributian  of  each  data  set  to  be  log  normal,  the  log  mean  values  are  also  used  to  calculate  a  factor  LIF  (Av). 


TABLE  Al  Absolute  Life  Improvement  Factors 


!  FAST  BIER 

!  SYSTBH 


LLT  JOIHT 

280HPa  350HPa 


HLT  JOIHT 

280HPa  375»a 


j  HI-TIGUE  j  1.86  -  5.22  j  1 .85  -  4.31  j  0.86  -  8.31 


!  HI-LOK  IH 
!  C.V.  HOLE 


!  HOCK  EXL  IH 
!  C.W.  HOLE 


- j - - - j - 

2.17  -  14.24  !  2.03  -  15-41  !  1.35  -  15-H 


1.71  -  11.57 


3.61  -  11.67 


3-53  -  8.03  !  3*62  -  12.83  !  2.56  -  14-28  !  7.00  -  29-57 

i  i  i 


TABLE  A2  Distributed  Life  Improvement  Factors 


FASTENER 


LLT  JOIHT 


SYSTEM 

!  LIF 

1 

1 

1 

280 

350 

1 

1 

\ 

1 

280 

375 

!  HIH 

1 

• 

1 

2.94 

T“ 

1 

1 

1 

3.15 

1 

1 

1 

2.21 

T“ 

1 

1 

l 

4.38 

HI-TIGUE 

!  AV 

1 

1 

3-14 

1 

1 

2.81 

1 

\ 

2.10 

1 

1 

4-54 

!  MAX 

1 

1 

1 

1 

3-30 

1 

2.53 

1 

1 

1 

3-25 

1 

l 

1 

4-52 

HI-LOK 

i  HIH 

1 

1 

1 

3-44 

1 

1 

1 

3.46 

1 

1 

1 

3-45 

1 

1 

I 

9-25 

IH  C.W. 

!  AV 

1 

1 

6.05 

I 

j 

6.36 

1 

3.96 

I 

1 

6.41 

HOLE 

j  MAX 

1 

1 

1 

8.99 

1 

| 

9-05 

1 

1 

5-92 

# 

1 

1 

4-56 

■ 

' 

!  HIH 

i 

i 

i 

i 

5-58 

1 

» 

1 

6.16 

1 

1 

1 

6.54 

1 

1 

1 

17.90 

HUCX  EXL  IH 

AV 

i 

5.48 

1 

1 

7.18 

1 

1 

5-53 

I 

1 

11.99 

C.W.  HOLE 

!  MAX 

i 

i 

5.07 

1 

1 

I 

7-53 

1 

1 

5-59 

1 

1 

1 

11.56 

HLT  JOIHT 
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From  these  two  t*Me»  it  c*n  be  seen  that  there  are  no  syrienutic  difference*  in  the  way  in  which  the  two  type*  of  joint  rate 
the  batata  lytSejm.  It  doe*  however  indicate  that  the  life  improvement  factor  based  on  the  log  mem  value*  (Table  A2)of  the 
fdmmee  data  provide  »  good  guide  to  the  improvements  found  in  practice,  if  wont  case  data  i»  required  for  minimum  life 
improvement  caiiroafions,  then  the  absolute  approach  (Table  Al)nust  be  used. 


Fastener  aystea 

""  ■■  . - ■  1 

Maxi bub  net 

SPEC  NO 

Flights 

1 

1 

ORIGINS  ! 

Stress  (MPa) 

to  Failure 

i 

i 

i 

280 

H4/2 

66624 

i 

i 

280 

H4/5 

32796 

b  ' 

280 

H4/7 

52172 

io  ! 

280 

H4/9 

1 23227 

6,7  ! 

280 

H4/10 

41024 

b  ! 

18.  HI-TIGUE 

' 

1 

1 

IM  PLAIN  HOLE 

375 

H4/1 

34224 

io  ! 

375 

H4/3 

27749 

io  ! 

375 

H4/4 

27031 

io  ! 

375 

H4/6 

12972 

6,7  ! 

375 

H4/8 

20924 

6,7  j 

1 

280 

H6/2 

51172 

1 

ii  ! 

280 

H6/8 

76759 

ii  ! 

280 

H6/4 

>  224420 

280 

H6/1 

166196 

11 

280 

H6/9 

93021 

11 

1C.  HI-LOK  IN 

' 

COLD-WORKED 

375 

H6/7 

31759 

11 

HOLE 

375 

H6/3 

34525 

11 

375 

H6/6 

27772 

5 

375 

H6/10 

27359 

6,7 

• 

280 

H3/9 

211711 

d,12 

280 

H3/1 

155031 

b 

' 

280 

H3/3 

155172 

b 

280 

H3/4 

96996 

d 

280 

H3/5 

146572 

d 

ID.  HUCK-EXL  IN 

COLD-WORKED 

375 

H3/6 

87511 

b 

HOLE 

375 

H3/7 

58880 

10 

375 

H3/8 

55172 

c 

375 

H3/10 

59929 

b 

1 

375 

H3/2 

52972 

10 

1  1 
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Summary  of  HLT-joints 


Fastener 

System 

- - - - 

TOP  PLATE  (CSK) 

280  375 

BOT  PLATE 

280  375 

_ 

- - - - , 

CENTRE  PLATE  1 

280  375  j 

5 

1 A 

(1)  37898 

(4)  2959 

-  - 

(6)  23172 

(7)  14821 

.  -  _ 

- — 

(5)  30839 
(10)  34929 

■ 

1 

(2)  7572! 
(9)  4031 ! 
(8)  3559! 

(3)  3431 | 

37,898 

2,958 

18,532 

. 

32,820 

4,394  j 

IB 

(9)  123227 

(6)  12972 
(8)  20924 

. 

(7)  52172 

(1)  34224 

(3)  27749 

(4)  27031 

(5)  32796 
(10)  41024 

123,227 

16,475 

52,172 

28,396 

36,680 

1C 

• 

•  ' 

(6)  27772 
(10)  27359 

(2)  51172 

(8)  76759 
(1)  166196 

(9)  93021 

(7)  31759 
(3)  34525 

. 

27,565 

88,276 

33,113 

ID 

■ 

' 

(9)  211711 

(7)  58880 
(2)  52972 

(9)  211711 
(1)  155031 
(3)  155172 
(4  )  96996 
(5)  146572 

(6)  ! 

(8)  ! 

do)  : 

1 

. 

211,711 

55,848 

148,579 

66 , 141 ! 
1 

(  )  Specimen  numbers 


Observations 

(1)  Failures  in  the  top  and  bottom  plates  originate  at  fastener  1 . 

(2)  Failures  in  the  centre  plate  originate  at  fastener  2. 

(3)  The  majority  of  failures  using  system  ID  are  in  the  centre  plate,  the  longest  lives  are  achieved  with  this  system. 

(4)  AH  of  die  failures  using  system  1C  are  in  the  side  plates,  the  majority  in  the  bottom  plate. 

(5)  The  majority  of  failures  using  system  IB  are  tat  the  side  plates. 
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b)  LLT  Specimen 


Hotel  Hot*  2 


— 

Fastener  System 

- , 

Maximum  net 

SPEC  HO 

Plights  to 

ORIGINS  ! 

i 

1 

i 

1 

j 

Stress  (MPa) 

Failure 

1 - 

280 

166 

15372 

(1)  b  i 

280 

167 

14329 

(2)  b  ! 

280 

168 

20172 

(2)  b  ! 

1 

280 

169 

22680 

(D  c,b,1  1 

1 

280 

170 

16572 

(1)  c,h,1  j 

1 1 A  • 

HI-LOK 

f 

IH  PLAIN  HOLE 

550 

161 

6031 

(2)  b  I 

550 

162 

7772 

(D  b,1  | 

. 

550 

163 

5424 

(D  c  (2)  1  1 

550 

164 

9239 

(2)  b,1  i 

. 

550 

165 

8572 

(D  1  (2)  bj 

- - 

280 

L4/1 

55351 

(2)  a  ! 

280 

L4/9 

54772 

(1)  a  ! 

280 

L4/4 

53172 

(1)  2  (2)  a! 

280 

L4/7 

42172 

(l)  a  ' 

280 

u/io 

74772 

(2)  a  (1)  aj 

IB. 

HI-TIGUE 

IH  FLAIR  HOLE 

350 

14/6 

17080 

(1)  a  j 

350 

14/3 

17729 

(2)  a  ! 

350 

L4/8 

22959 

0)  a  ! 

350 

M/5 

21572 

(1)  2  (1)  aj 

1 

350 

I A/2 

23372 

i  .... 

(1 )  a  j 

1  _  _  1 

{ 

i 

L. 


3EVs  a.-.. 


4« 


1 - ■ - 

[Fastener  System 

Maximus  net 

SPEC  MO 

Plights  to 

r . 

i 

!  0BICM5 

• 

Stress  (MPa) 

Pei lure 

i 

i 

i 

| 

280 

186 

49231 

i  (D  2.1 

1 

280 

187 

118194 

!  (2)  6,2 

} 

280 

189 

115231 

!  (2)  6,2 

280 

190 

99031 

!  (1)  3,1 

lie.  HI-LOK  IN 

1 

» 

!  COLD-WORKED 

350 

181 

18759 

!  (1)  1,2 

!  HOLE 

350 

182 

61325 

!  (1)  6,1 

350 

183 

46586 

!  (1)  4,1 

350 

185 

83591 

!  (i)  1.3 

280 

196 

79972 

j  (2)  1 

1 

J 

280 

198 

115021 

!  (2)  c,6 

i 

J 

280 

200 

97031 

!  (2)  . 

{ID.  HUCK-EXL  Ilf 

1 

!  COLD-WORKED 

350 

191 

69611 

!  (D  2 

i  HOLE 

350 

193 

66231 

!  (D  s 

i 

350 

194 

33431 

:  (D  2 

f 

i 

i 

350 

_  _ 

*95 

47943 

. 

j  (2)  a, 6 

.  t 

1 

Observations  of  LLT  joints 

(1)  Failure  from  holc(l)  was  more  common  than  from  bote  (2)  (60%  at  (1)40%  at  (2))  bat  in  no  systematic  way. 

(2)  Failure  from  Ole  countersinks  was  observed  only  with  high  interference  fit  fasteners. 

(3)  All  of  the  failures  with  system  IB  originated  at  the  countersinks,  only  50%  with  system  ID  originated  at  the 
countersink. 

(4)  All  of  the  failures  with  fastener  systems  I A  and  1C  originated  from  multiple  origins  at  the  bore  of  the  hole 
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I  1/2  Dogbane  Summary 

Fanner  system/nres*  level  —  Failure  site 

IMom  —  From  edge  of  hole  at  interface  or  ju«  forward  of  hole. 

2A/taagh  —  From  edge  of  hole  at  interface  or  just  forward  of  hole. 

2B/low  —Just  forward  of  hole  or  at  edge  of  side  pbae. 

2B/tugh  —  At  edge  of  side  piste  of  from  edge  of  bote  at  interface. 

2C/low  —  Just  away  from  edge  of  hole  at  interface 

2C/hi*h  —Just  away  frometfee  of  hote  at  itterfioe  or  forward  of  fastener  holes. 

2D/low  —  Various  —  away  from  fastener  bole  on  top  surface. 

2D/high  —Just  forward  of  bstener  hole  on  top  surface. 


I 


Fastener  system 


2A.  HI-LOK  IK 
PLAIX  HOLE 


2C.  Kl-noui  IX 
PLAIK  HOLE 


l 


Maximum  net 
Stresa  (MPa) 


276 

276 

276 

276 

345 

345 

345 


276 

276 

276 

276 

345 

345 

345 


i 


SPEC  MO 

FLIGHTS  TO 
FAILURE 

ORIGIR 

SI -4 

7831 

b,c 

SI -5 

19311 

2 

SI -6 

10631 

1.2 

SI -7 

23631 

b,c 

SI-1 

5558 

1.2 

SI -2 

5729 

a.c 

si -3 

■ 

5431 

b 

S3-4 

24372 

1.2 

S3-5 

17834 

1,2 

S3- 6 

16031 

1,2 

S3-7 

19572 

1,2 

S3-1 

15424 

a 

S3-2 

13520 

2 

S3-3 

13969 

1,2 

O’* 
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ANNEX* 

Q-JOINT  ASSESSMENT 

The  <>jo«nt  ha*  been  developed  during  the  past  three  years.  It  is  anticipated  that  development  will  continue  to  enable  the 
jonit  lo  produce  different  amount*  a f  LT  and  SB  by  ample  geometric  change s.  These  changes  involve  fastener  diameter, 
thickness  of  cootmlling  dement  and  spacing  of  fastener  rows.  The  standard  Q-joint  design  is  given  in  Fig.  3  with  1  /4*  diameter 
fastener*  installed.  Testing  of  the  Q-joint  with  lfl-LOK  (2A)  and  HI'LOK  in  a  cold  worked  hole  (2B),  was  performed  with 
3/16*  diameter  fasteners  installed  in  the  controlling  section,  aad  1/4*  diameter  fastener*  in  the  test  section.  In  order  to  assess 
whether  using  the  standard  joint  would  produce  similar  fatigue  lives  to  those  obtained  with  die  smaller  fastener  in  die 
cootroiliiig  section,  measurements  of  LT  and  SB  were  made  on  standard  joints.  The  results  of  these  measurements  are  given  in 
table  4,  and  are  compared  with  those  obtained  using  the  smaller  3/16*  diammer  fastener,  presented  in  table  S.  Many  strain 
gauge  finhues  occurred  during  the  testing  of  the  1/4'  standard  joint,  particularly  with  the  plain  hole  specimen.  Comparisons 
can  however  be  made  of  the  cold  worked  specimens.  The  load  transfer  values  are  very  similar  but  the  secondary  bending  is 
somewhat  higher  in  the  standard  joint  over  most  of  the  load  range.  It  is  expected  therefore  that  the  fatigue  lives  of  standard  Q- 
jotnts  with  1/4'  HI-LOK  fasteners  in  plain  and  cold  worked  holes  will  be  slighdy  shorter  than  those  with  3/16'  diameter 
fasteners  in  the  controlling  section.  A  small  number  of  tests  have  been  performed  with  the  standard  joint,  and  tbe  above  appears 
to  be  true  at  the  lower  stress  level.  At  the  higher  stress  level  however  the  fatigue  endurances  with  the  standard  joint  are  slightly 
greater  than  those  with  die  3/16*  fasteners.  Since  the  secondary  bending  is  so  high,  it  is  expected  that  there  would  be  little 
difference  between  die  fatigue  lives  of  plain  and  cold  worked  hole  specimens.  This  also  appears  to  be  true  from  the  small 
number  of  additional  tests. 
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13.  Keywaria/Deecftften 

Fastener 

Fatigue  properties 

Joints 

Bend  properties 

Loads  (forces) 

An  AGARD  coordinated  programme  which  examines  the  fatigue  performance  and  joint 
characteristics  of  a  number  of  mechanically  fastened  joints  has  been  completed.  This  report 
describes  the  programme  which  examines  mechanically  fastened  joints  with  ( 1)  no  or  low 
secondary  bending  and  (2)  with  high  secondary  bending.  In  part  1,  three  types  of  joint  are 
assessed  which  exhibit  no,  low  and  high  amounts  of  load  transfer  by  the  fastener.  The  no  load 
transfer  joint  was  rejected  and  low  and  high  load  transfer  joint  were  considered  to  be  equivalent 
in  rating  fastener  systems.  In  put  2,  three  types  of  single  shear  joint  are  considered.  They  are 
compared  on  the  basis  of  load  transfer  and  secondary  bending  characteristics  and  also  on  the 
fatigue  endurance  with  a  range  of  fastener  systems  installed.  Only  one  joint,  the  UK  designed 
O-joint,  adequately  fulfilled  the  requirements  of  a  standard  joint  for  fastener  evaluation 
purposes. 
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